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aDepartment of Radiology, Albert Einstein College of Medicine, Montefiore Medical Center, Bronx, New York, USA
bDepartment of Cardiothoracic Surgery, Albert Einstein College of Medicine, Montefiore Medical Center, Bronx, New York, USAAbstractPurpose: To provide a quantative analysis of postlobectomy chest radiographic changes and to evaluate whether the scarring from prior
sternotomy affects the size of the hemithorax and the duration of air leak in patients with subsequent lobectomy.
Methods: In this retrospective case-controlled series, 10 consecutive patients who had a lobectomy after a prior sternotomy and 30 controls,
3 for each case, matched for lobectomy site were identified. Pre- and postoperative chest radiographs were quantitatively analysed for
diaphragmic elevation, size of each hemithorax, mediastinal shift, and the presence of pneumothorax. Charts were reviewed for air-leak
duration, surgical complications, and duration of hospitalization.
Results: There was no difference between patients with lobectomy and with and without prior sternotomy for the following variables expressed
as mean (SD): hemidiaphragm elevation (1.5 2.5 vs 0.5 2.0 cm; P¼ .2), change of hemithorax size (mean transverse, 0.99 0.05 vs 0.97
0.07; P¼ .5; craniocaudal, 0.93 0.08 vs 0.91 0.08; P¼ .4) and mediastinal shift (upper, 1.2 0.4 vs 1.3 0.6; P¼ .5; lower, 1.2 0.4 vs
1.2  0.3; P ¼ .8), the latter 2 were expressed as the ratio of post- to preoperative measurements. These postlobectomy radiographic findings
varied, depending on the resected lobe, and became progressively more pronounced during the first 12 months after surgery. There was no
difference in pneumothorax duration (mean [SD]) (9.5 21 days vs 6.4 7.5 days; P¼ .5), air leak duration (mean [SD]) (0.7 0.8 days vs 1.3
 3.9 days; P ¼ .6), complication rate (20% vs 30%; P ¼ .5), or hospital stay (mean [SD]) (6.0  1.7 days vs 6.9  4.7 days; P ¼ .6).
Conclusion: There are specific patterns of volume loss, mediastinal shift, and hemidiaphragm displacement that can be quantified on
postlobectomy chest radiographs. Prior sternotomy did not affect postlobectomy radiographic changes or patient outcome.ResumeObjectif: Offrir une analyse quantitative des changements observes a la radiographie thoracique postlobectomie et evaluer si la cicatrisation
d’une sternotomie subie anterieurement a une incidence sur la taille de l’hemithorax et la duree des fuites d’air chez les patients ayant subi
une lobectomie.
Methodes: Cette etude retrospective de type cas-temoins a porte sur 10 patients consecutifs ayant subi une lobectomie subsequente a une
sternotomie, ainsi que sur 30 sujets temoins, soit 3 pour chaque cas, apparies en fonction du site de la lobectomie. Des radiographies
thoraciques pre- et postoperatoires ont ete analysees quantitativement pour evaluer l’elevation diaphragmatique, la taille de chaque
hemithorax, le deplacement mediastinal et la presence de pneumothorax. Les dossiers ont ete examines pour determiner la duree des fuites
d’air, les complications chirurgicales et la duree d’hospitalisation.
Resultats: Entre les patients ayant subi et n’ayant pas subi de sternotomie anterieurea la lobectomie, aucune difference n’aete relevee sur le plan
pour les variables suivantes exprimes enmoyenne (ecart type): l’elevation hemidiaphragmatique (1,5 2,5 cm contre 0,5 2,0 cm; P¼ 0,2), du
changement de la taille de l’hemithorax (diametre transversal moyen : 0,99 0,05 contre 0,97 0,07;P¼ 0,5; craniocaudal, 0,93 0,08 contre
0,91  0,08; P ¼ 0,4) et du deplacement mediastinal (superieur : 1,2  0,4 contre 1,3  0,6; P ¼ 0,5; inferieur : 1,2  0,4 contre 1,2  0,3;
P ¼ 0,8). Les deux derniers resultats sont exprimes comme le rapport entre les mesures post- et preoperatoires. Les aspects radiographiques
postlobectomie variaient en fonction du lobe reseque et sont devenus de plus en plus prononces au cours des 12mois suivant la chirurgie. Aucune
difference n’a ete relevee en ce qui a trait a la duree du pneumothorax (moyenne [ecart type]) (9,5 21 jours contre 6,4 7,5 jours; P¼ 0,5), la
duree des fuites d’air (moyenne [ecart type]) (0,7 0,8 jours contre 1,3 3,9 jours;P¼ 0,6), le taux de complication (20% contre 30%;P¼ 0,5)
et la duree d’hospitalisation (moyenne [ecart type]) (6,0  1,7 jour contre 6,9  4,7 jours; P ¼ 0,6).* Address for correspondence: Linda B. Haramati, MD, Department of
Radiology, Albert Einstein College of Medicine Montefiore Medical Center,
111 East 210 St, Bronx, New York 10467, USA.
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281Postlocteomy chest radiographic changes / Canadian Association of Radiologists Journal 62 (2011) 280e287Conclusion: Il existe des profils particuliers de perte de volume, de deplacement mediastinal et de deplacement hemidiaphragmatique
pouvant e^tre quantifies sur les radiographies thoraciques postlobectomie. La sternotomie subie anterieurement n’avait pas d’incidence sur les
changements radiographiques postlobectomie, ni sur les resultats pour les patients.
 2011 Canadian Association of Radiologists. All rights reserved.
Key Words: Lobectomy; Quantitative analysis; Plain radiographPulmonary lobectomy is a surgical procedure that
involves resection of an entire lobe of the lung. Lobectomy is
the preferred surgical treatment for early stage primary lung
carcinoma, and it has an operative mortality rate of <3%.
Other less-common indications for lobectomy include large
emphysematous bullae, fungal and tuberculous infections,
arteriovenous malformation, and congenital diseases, such as
pulmonary cyst [1].
Radiographic changes after lobectomy have been studied
by using different modalities [2e10]. Immediate post-
operative chest films demonstrate characteristic features that
reflect changes that are secondary to volume loss and that are
similar in many respects to those of lobar collapse [4,11,12].
One of the most prominent features is mediastinal shift,
which depends on the lobe resected. Other common post-
lobectomy changes include elevation of the ipsilateral hem-
idiaphragm and overall decrease in chest cavity volume.
Patients who undergo lobectomy are usually monitored
after surgery with serial anteroposterior (AP) chest radio-
graphs for possible pneumothorax and other acute post-
operative complications. Computed tomographies (CTs) are
reserved for patients with a complicated postoperative
course. Despite the key role of chest radiography, previous
quantitative analyses of postlobectomy changes, to our
knowledge, have all been conducted by using CT or magnetic
resonance imaging [2,3]. The present study focused on the
quantitative analysis of postlobectomy chest radiographs, the
primary imaging modality. In addition, we hypothesized that
scar tissue from prior sternotomy and open heart surgery
would tether the mediastinum and limit its shift. Because
mediastinal shift is one of the main compensatory mecha-
nisms in reducing the postsurgical space, a larger post-
lobectomy space might be expected after a sternotomy, and
this, in turn, might lead to an increased duration of air leak, if
one were to exist after surgery. Therefore, we explored
whether patients after a sternotomy demonstrated differences
in the chest radiographic findings and in the complication of
prolonged air leak (ie, air leak that lasts longer than 7 days)
compared with patients with lobectomy who did not have
a prior sternotomy.
Materials and MethodsPatient PopulationThis retrospective study was approved by our institutional
review board. All imaging and medical record data were
handled to protect patient confidentiality in accordance withthe HIPAA (Health Insurance Portability and Accountability
Act). Informed consent was not required. A local information
system with electronic database, Clinical Looking Glass, was
used to identify all adults who underwent lobectomy or
bilobectomy between January 2005 and January 2009 at our
urban academic medical centre. The search was based on
ICD (International Classification of Diseases) 9 codes: 32.4
lobectomy of lung, 32.41 thoracoscopic lobectomy of lung,
and 32.49 other lobectomy of lung.
Subsequently, electronic and paper charts were reviewed
to identify cases of patients with a history of open heart
surgery and sternotomy before lobar resection. A history of
prior sternotomy was confirmed in each case by documen-
tation on preoperative notes and by supportive radiographic
findings. Three controls were identified for each case to
improve the power of the study. The controls were selected
from the group of patients with lobectomy and without prior
sternotomy, and who had resection of the same lobe closest
in time to each study case.
Exclusion criteria included no available preoperative
chest film (<60 days before surgery) in the database,
lobectomy that led to pneumonectomy within 30 days, prior
lobectomy or lung resection, a lack of controls, and a history
of thoracoplasty or surgery that involved multiple rib
resection.Chest Radiographic AnalysisAll pre- and postoperative chest radiographs were
analysed by 2 of 3 fellowship-trained cardiothoracic radiol-
ogists, with differences resolved by consensus. If consensus
could not be achieved, then the third radiologist served as
a tiebreaker. Mediastinal shift, loss of thoracic cavity area,
and elevation of hemidiaphram were assessed in immediate
postlobectomy films (ie, chest radiographs taken 30 days
after surgery) and compared with preoperative chest
radiographs.
Most of the preoperative films were posteroanterior (PA)
films, whereas the postsurgical radiographs were mostly
performed in the AP projection. Thus, the absolute
measurements of anatomy differed on the pre- and post-
operative radiographs because of differences in projection.
Therefore, we compared the preoperative PA and post-
operative AP radiographic variables expressed as ratios of
measured values on the side of the lobectomy compared with
the contralateral side. Preoperative measurements were based
on a single film, whereas postoperative values were obtained
by averaging measurements obtained from all immediate
Figure 1. Radiographic measurements. Variables are expressed as Vi,j, where
V is the variable being measured (T ¼ chest cavity transverse measurement,
C ¼ chest cavity craniocaudal measurement, and M ¼ distance from midline
to mediastinal border), i represents the anatomic level (U ¼ upper, M ¼ mid,
L ¼ lower), and j represents the side (R ¼ right, L ¼ left).
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one radiograph on the same day, then only the first one was
analysed.
The thoracic cavity dimensions were 2-dimensionally
determined. The transverse width of each hemithorax was
measured at 3 levels, and the craniocaudal dimension was
measured from thedomeof thediaphragmto the apex (Figure1).
The changes in craniocaudal measurement were used to
indirectly quantify the elevation of the hemidiaphragm. The
relative positionsof theupper and lowermediastinum,expressed
as the ratio of the distance between the midline and the medi-
astinal border on the lobectomy side to that on the contralateral
side, was determined. Mediastinal shift was quantified as the
change in relative mediastinal position. All postoperative
measurements were normalized to corresponding preoperative
values as shown in the following equation:
Variablenormalized ¼ Variablepostop;lobectomy=Variablepostop;contralateral
Variablepreop;lobectomy=Variablepreop;contralateral
Variable represents chest cavity transverse, craniocaudal
measurement, or mediastinal shift.
These ratios then were converted into absolute values by
using different appropriate equations, as shown in Table 1. In
addition, postlobectomy radiographs also were evaluated for
pneumothoraxduration and size (tiny, small,medium, or large).
The progression of postlobectomy radiographic findings
with time also was evaluated for up to 12 months after the
surgery for patients who had chest radiographs from >30
days after lobectomy available in our database. For this
purpose, the radiographs were analysed in groups: <1
month, 1-3 months, 3-6 months, and 6-12 months.Postoperative OutcomeElectronic and paper charts were reviewed to gather
information regarding the duration of indwelling chest tubes,
incidence and duration of air leak, hospital length of stay as
well, and other postoperative complications.Statistical AnalysisIn addition to descriptive statistics, the 2-tailed Student
t test was used to determine differences for continuous
variables, such as mediastinal shift, distance from the apex to
the hemidiaphragm, duration of air leak, and time to removal
of chest tubes between patients with lobectomy and with and
without prior cardiac surgery with sternotomy. The c2 and
Fisher exact tests were used, as appropriate, for nominal
variables, such as occurrence of complicated air leak, to
further compare the study and control groups. The results
were considered statistically significant at P < .05.Study PopulationBetween January 2005 and January 2009, a total of 187
adults underwent lobectomy and bilobectomy at ourinstitution. Thirteen of these also had remote prior open heart
surgery with sternotomy, 3 of whom were excluded from the
study for the following reasons: lack of a control case,
history of lobectomy preceding sternotomy, and pneumo-
nectomy during the same admission. The remaining 10
patients with remote prior sternotomy comprised the study
group. Among the 174 lobectomy cases with no prior ster-
notomy, 30 patients who matched the study subjects for
lobectomy site were selected as controls. The pre- and
postoperative characteristics of patients in both groups are
shown in Table 2.
Results
Preoperative radiographic measurements between patients
with and without prior sternotomy were comparable, as
demonstrated in Table 3. Analysis of the postlobectomy
radiographs showed no statistically significant difference
between these 2 groups for hemithorax volume loss, medi-
astinal shift, or duration of pneumothorax (Table 4). There-
fore, we combined them into a single postlobectomy group
of 40 patients for further analysis. On average, the surgical
side demonstrated a 2% decrease in hemithorax width
(absolute value, 3.4 mm) and a 7% drop in hemithoracic
craniocaudal dimension (absolute value, 13.3 mm) when
compared with the contralateral side. This resulted in
a relative hemithorax area reduction of 9% on the lobectomy
side. The more prominent decrease (a relative difference of
5%) in the chest cavity measurement craniocaudally rather
Table 1
Equations used to calculate absolute changes in chest cavity, mediastinal shift, and displacement of the hemidiaphragm
Variables Equations
Absolute change in chest cavity ¼ ð1 Ti;normalizedÞ  Ti;preop;lobectomy, where T ¼ chest cavity transverse
measurement and i ¼ anatomic level (upper, mid, or lower)





 Mj;postop;lobectomy  Mj;preop;lobectomy,
where M ¼ distance from midline to mediastinal border and j ¼ anatomic level (upper or lower)
Absolute displacement of hemidiaphragm ¼ ð1 CnormalizedÞ  Cpreop;lobectomy, where C ¼ chest cavity craniocaudal measurement
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diaphragm elevation. The calculated average hemidiaphragm
elevation on the surgical side was 7.9 mm. Volume loss from
lobar resection also caused a significant mediastinal shift
towards the surgical side. On average, the relative upper
mediastinum shift towards the lobectomy side was of 30%,
whereas the relative shift of the cardiac silhouette’s shift was
21%. These correspond to calculated absolute upper and
lower mediastinum shifts of 1.84 mm and 3.14 mm,
respectively.
The median duration of pneumothorax for sternotomy
cases was 3.5 days (range, 0-70 days), whereas those cor-
responding duration for the control group was 3 days (range,Table 2














or number (%) P value
n 40 10 30
Age (y) 67.5  7.9 70.7  6.2 66.4  8.2 .138
Women 25 (63%) 7 (70%) 18 (60%) .572
CAD or MI 12 (30%) 10 (100%) 3 (10%) <.001
Smoking history 31 (78%) 8 (80%) 23 (76.7%) .489
BMI 28.1  5.4 27.8  4.9 28.2  5.6 .842
HTN 29 (73%) 10 (100%) 19 (63%) .024
DM 10 (25%) 5 (50%) 5 (17%) .035
COPD 11 (28%) 4 (40%) 7 (23%) .308
Formal malignancy 8 (20%) 1 (10%) 7 (23.3%) .361
Lobe resected
LUL 4 (10%) 1 (10%) 3 (10%) >.99
LLL 12 (30%) 3 (30%) 9 (30%) >.99
RUL 12 (30%) 3 (30%) 9 (30%) >.99
RLL 8 (20%) 2 (20%) 6 (20%) >.99
RUL and RML 4 (10%) 1 (10%) 3 (10%) >.99
Surgical pathology
Adenocarcinoma 25 (62.5%) 8 (80%) 17 (56.7%) .188
Squamous cell
carcinoma
6 (15%) 1 (10%) 5 (16.7%) .609
Small cell
carcinoma
1 (2.5%) 0 (0%) 1 (3.3%) .559
Large cell
carcinoma
1 (2.5%) 0 (0%) 1 (3.3%) .559
Carcinoid 4 (10%) 1 (10%) 3 (10%) >.99
No tumour 3 (7.5%) 0 (0%) 3 (10%) .299
BMI ¼ body mass index; CAD ¼ coronary artery disease; COPD ¼ chronic
obstructive pulmonary disease; DM ¼ diabetes mellitus; HTN ¼ hyperten-
sion; LLL ¼ left lower lobe; LUL ¼ left upper lobe; MI ¼ myocardial
infarction; RLL ¼ right lower lobe; RML ¼ right middle lobe; RUL ¼ right
upper lobe.0-25 days). Mood’s median test demonstrated no difference
in the duration of the pneumothorax between the 2 groups
(P ¼ .855). The majority of pneumothoraces in both groups
were small to moderate in size, regardless of prior sternot-
omy (Table 5).
The duration of chest-tube dwell time and clinical air leak
was slightly shorter in the sternotomy group, although the
mean pneumothorax duration was longer, which is likely
because there was a single outlier in the sternotomy group
who had a prolonged pneumothorax and one in the control
group with an unusually long duration of chest tube
indwelling and air leak. Nonetheless, the differences were
not statistically significant.
In terms of postoperative outcomes, patients with
a history of prior sternotomy and the controls had a similar
duration of indwelling chest tube and air leak, complication
rate, hospital length of stay, and rate of readmission or
emergency department visit after 3 months of discharge.
Twenty percent of patients with sternotomy (2/10) before
lobectomy had postsurgical complications within 30 days
after lobectomy, including prolonged air leak (n ¼ 1) and
atrial fibrillation (n ¼ 1). Thirty percent of patients (9/30)
who had lobectomy but not prior sternotomy had post-
surgical complications within 30 days, including atrial
fibrillation (n ¼ 3), urinary infection and/or retention (n ¼ 3),
prolonged air leak (n ¼ 1), chylothorax (n ¼ 1), and pneu-
monia (n ¼ 1). The incidence of prolonged air leak was low
in both groups and not statistically different. Chest radio-
graphs were the imaging modality of choice to monitor
patients after lobectomy. All 40 patients had had serial chestTable 3
Comparison of relative preoperative radiographic measurements expressed








surgery, mean (SD) P value
Chest cavity transverse
Upper 0.99  0.06 1.02  0.08 .286
Mid 1.00  0.05 1.02  0.12 .605
Lower 0.98  0.06 0.98  0.09 .970
Average 0.99  0.04 1.00  0.08 .546
Chest cavity craniocaudal 1.12  0.12 1.08  0.07 .230
Mediastinal shift
Upper 1.00  0.30 1.03  0.40 .857
Lower 2.16  0.53 2.22  0.79 .826
Table 4
Immediate radiographic changes expressed as ratio of postoperative measurements to preoperative values
All cases,
mean (SD) P value
Patients with prior open
heart surgery, mean (SD)
Patients without prior open
heart surgery, mean (SD) P value
Chest cavity transverse
Upper 0.97  0.06 .015 0.99  0.08 0.97  0.06 .313
Mid 0.98  0.11 .232 0.97  0.05 0.98  0.12 .853
Lower 0.98  0.08 .113 1.00  0.07 0.97  0.09 .422
Average 0.98  0.06 .018 0.99  0.05 0.97  0.07 .536
Chest cavity craniocaudal 0.93  0.08 <.001 0.91  0.08 0.94  0.09 .356
Chest cavity area 0.91  0.11 <.001 0.90  0.07 0.91  0.13 .826
Mediastinal shift
Upper 1.30  0.55 .001 1.21  0.37 1.33  0.60 .536
Lower 1.21  0.33 <.001 1.22  0.38 1.20  0.32 .781
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but only 2 patients (one in each group) underwent chest CT
before discharge.
Results of the radiographic analysis by lobe of all cases are
shown in Figure 2. The decrease in size of the hemithorax was
smallest after left lower lobe resection. Themain compensatory
mechanism for volume loss after left lower lobectomy was
elevation of hemidiaphragm, and the mediastinal shift was
minimal compared with resection of other lobes (Figure 3, A
and B). However, left upper lobe resection resulted in a greater
reduction of the size of the hemithorax, with minimal, if any,
elevation of the hemidiaphragm (Figure 3, C andD). In fact, the
calculated hemidiaphragm displacement was negative (which
indicates depression) in the left upper lobectomy.
Right-sided lobectomy yielded a greater reduction in
hemithorax craniocaudal measurement, but the total area
reduction was comparable with that of left upper lobe
resection. More pronounced relative mediastinal shifts were
observed after right-sided lobectomies. Right lower lobec-
tomy resulted in a similar upper mediastinal displacement
but a more pronounced lower mediastinal shift when
compared with right upper lobe resections (Figure 3, E-H).
Right bilobectomy cases, when compared with those with
same-sided single lobar resection, demonstrated a moreTable 5
Postoperative outcomes and incidence of postlobectomy pneumothoraces by size
All cases, mean (SD) or




Time to chest tube removal (d) 4.8  3.4 4.6 
Air leak (d) 1.1  3.4 0.7 
Complications 11 (27.5%) 2 (
Postoperative length of stay (d) 6.7  4.2 6.0 
No. CXR per patient 7.0  4.2 6.0 
No. CTs per patient 0.05  0.2 0.1 
ED visit within 3 mo 7 (18%) 1 (
Readmission within 3 mo 4 (13%) 2 (
Pneumothorax (d per patient)
Total 7.18 9.5
Tiny 1.09 (15.2%) 0.8 (
Small 4.08 (56.8%) 3 (
Medium 1.74 (24.2%) 5.25 (
Large 0.28 (3.8%) 0.45 (
CT ¼ computed tomography; CXR ¼ radiograph; ED ¼ emergency departmentpronounced decrease in craniocaudal length, greater hemi-
diaphragm elevation, and cardiac shift (not shown).
The progression of immediate postlobectomy radio-
graphic findings with time was evaluated in the 15 cases that
had follow-up chest films >30 days after surgery. There was
a statistically insignificant change in thoracic cavity dimen-
sions, with a decrease both transversally and craniocaudally
on the side of the lobectomy during the first 12 months after
the surgery (Figure 4), accompanied by increasing medias-
tinal shift towards the side of the lobectomy and ipsilateral
hemidiaphragm elevation (Figure 5).
Discussion
Our quantitative analysis of postlobectomy chest radio-
graphs demonstrated no difference in radiographic changes
in terms of decrease in ipsilateral hemithorax volume, dia-
phragmatic elevation, or mediastinal shift between patients
with and without prior open heart surgery, which indicates
that scar tissue around the heart and behind the sternum did
not significantly hinder mediastinal shift or other post-
lobectomy anatomical changes enough to impact chest
radiographic findings or clinical course, specifically
including prolonged air leak.ts with prior open
urgery, mean (SD) or
r of patients (%)
Patients without prior open
heart surgery, mean (SD) or
number of patients (%) P value
1.6 4.8  3.8 .874
0.8 1.3  3.9 .635
20%) 9 (30%) .540
1.7 6.9  4.7 .560
2.4 7.3  4.7 .407
0.3 0.03  0.2 .392
10%) 6 (20%) .471
20%) 3 (10%) .08
6.4 .476
8.4%) 1.18 (18.4%) .655
31.6%) 4.43 (69.2%) .491
55.3%) 0.57 (8.9%) .129
4.7%) 0.22 (3.4%) .573
.
Figure 2. Calculated postsurgical changes of the average transverse hemi-
thorax length, craniocaudal hemithorax length, mediastinal shift, and hem-
idiaphragm elevation expressed in centimetres after different lobar
resections. LUL ¼ left upper lobe, LLL ¼ left lower lobe, RUL ¼ right
upper lobe, RML ¼ right middle lobe, RLL ¼ right lower lobe.
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silhouette towards the surgical side was more pronounced
after lower lobe resections and right-sided lobectomies. The
extent of mediastinal shift correlated with the degree ofFigure 3. Preoperative and immediate postoperative chest radiographs, depicting
Preoperative posteroanterior (PA) chest radiograph of a 60-year-old woman with
a nodular density in the left mid lung. (B) Immediate postoperative anteroposte
resection, demonstrating minimal shift of the mediastinum towards the left, mar
ipsilateral hemithorax. (C) Preoperative PA chest radiographs of a 69-year-old
demonstrating a lobulated left upper lobe mass and midline sternal wires from prio
patient (C) after left upper lobe resection, demonstrating a marked shift of th
mediastinum, slight ipsilateral hemidiaphragm elevation, and decreased volum
a 67-year-old man with lung adenocarcinoma who underwent right lower lobect
obvious masses (computed tomography showed 2 small irregular right lower lobe
after right lower lobe resection, demonstrating marked upper and lower mediasti
significantly decreased volume of the right hemithorax. (G) Preoperative PA chest
right upper lobectomy, showing a nodule within the periphery of right upper lobe.
right upper lobe resection, demonstrating marked shift of upper mediastinum
hemidiaphragm elevation, and decreased volume of the ipsilateral hemithorax.relative chest cavity volume loss as determined when using
our 2-dimensional measurements. All lobar resections,
except for the left upper lobe, displayed a larger reduction of
the thoracic cavity craniocaudally than transversally, which
indicates hemidiaphragm elevation. These radiographic
findings were clearly evident during the immediate post-
operative period and became slightly more pronounced
during 12 months of follow-up.
It previously has been reported that lobar resection leads
to anatomic rearrangements to compensate for the newly
created postsurgical space. One of the compensatory mech-
anisms is displacement and rotation of mediastinum. In this
study, we noted a greater shift of the mediastinum at the level
of aortic arch after left upper lobectomy than left lower
lobectomy. However, among right-sided lobectomies, those
that involved lower lobe resection led to a greater displace-
ment of the upper mediastinum. These findings are consistent
with those previously reported by Kurihara [3] who used CTs
to evaluate postlobectomy mediastinal changes.
Nonaka et al [2] previously described postlobectomy
cardiac and aortic rotation as well as other anatomic
changes, expressed as ratios, when using magnetic resonancethe changes associated with resection of the different lobes of the lung. (A)
lung adenocarcinoma who underwent left lower lobectomy, demonstrating
rior (AP) chest radiograph (B) of same patient as (A) after left lower lobe
ked ipsilateral hemidiaphragm elevation, and a clearly decreased size of the
woman with lung adenocarcinoma who underwent left upper lobectomy,
r open heart surgery. (D) Immediate postoperative AP radiograph of the same
e upper mediastinum to the left, with minimal displacement of the lower
e of the ipsilateral hemithorax. (E) Preoperative PA chest radiographs of
omy, demonstrating findings consistent with prior open heart surgery but no
nodules). (F) Immediate postoperative AP radiograph of the same patient (E)
nal shift towards the right, marked ipsilateral hemidiaphragm elevation, and
radiographs of a 77-year-old man with lung adenocarcinoma who underwent
(H) Immediate postoperative AP chest radiographs of same patient (G) after
towards the surgical side with perihilar prominence, significant ipsilateral
Figure 4. Progression of relative chest cavity measurements (expressed as
a ratio of postoperative values to preoperative ones) in the first 12 months
after lobectomy.
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preoperative images that were compared did not belong to
the same patients. They reported that resection of the right
upper lobe caused shift of the upper mediastinum cephalad
and to the right, and the left ventricle moved downward and
created a cardiac configuration that was oriented more cra-
niocaudally than usual. However, right lower lobe resection
led to a horizontal shift of both the upper and lower medi-
astinum. The right side of the heart was pulled towards the
potential space (right and downward) and led to a greater
shift of the lower mediastinum than with right upper lobe
resection. Our chest radiographic findings after right-sided
lobectomies are in agreement with those described by
Nonaka et al [2].
In left-sided lobectomies, upper lobe resection led to
upper mediastinal shift in the direction of the resected lobe as
seen with a right upper lobectomy. This resulted, according
to Nonaka et al [2], in a more vertical configuration of the
heart with the apex rotated downward and to the right while
the right heart border shifted towards the left. This cardiac
rotation could account for the calculated mediastinal shift
being small and negative after left upper lobe resection, inFigure 5. Relative mediastinal shift (expressed as a ratio of post- to preop-
erative values) in the first 12 months after lobectomy.the present study. Perhaps the downward rotation of the
cardiac apex impinges on diaphragmatic elevation. However,
the number of left upper lobectomies in this study is too
small (n ¼ 4) to draw broad conclusions. The patients with
left lower lobe resection in this series (n ¼ 12) demonstrated
minimal mediastinal shift, with the lower mediastinum dis-
placed slightly to the left and the upper mediastinum dis-
placed towards the right. These findings differ from those
reported by Nonaka et al [2], who observed significant dia-
phragmatic and shift of upper mediastinum to the left after
left lower lobectomy. However, their sample size was smaller
(n ¼ 6) than the present study.
There are several limitations to this study, including those
inherent to retrospective studies. First, the relatively small
sample size of this case-controlled series may have prevented
detection of small differences in radiographic measurements
as well as in patient outcome between those with and without
prior open heart surgery. Because the duration of chest-tube
dwell time and prolonged air leak was slightly shorter in the
sternotomy group and the median duration of pneumothorax
was slightly longer, we have no evidence to support a higher
complication rate after sternotomy. These conflicting data
preclude making reasonable assumptions on which to base
a potential retrospective power analysis, which we, therefore,
did not perform. Second, this study compared preoperative
PA with postoperative AP radiographs. Magnification is
intrinsic to AP radiographs, so we strove to adjust for this by
normalizing the values for analysis. However, we may have
overestimated the relative mediastinal shift in the presence of
ipsilateral postoperative mediastinal widening. Third, post-
operative radiographs are not infrequently of limited quality
because of rotation, patient position, and shallow degree of
inspiration. To minimize this limitation, we aggregated data
from multiple postoperative chest radiographs in this
analysis.
In conclusion, there are specific patterns of volume loss,
mediastinal shift, and hemidiaphragm displacement that can
be quantified on postlobectomy chest radiographs. These
characteristic changes vary, depending on the lobe resected,
and become more pronounced over the year after lobectomy.
A history of open heart surgery with sternotomy had no
significant bearing on postlobectomy radiographic findings
or on clinical outcome.References
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